of infants with erythroblastosis fetalis necessitates the determination of total serum bilirubin.
Of the many modifications of the original diazo reaction on blood serum (1) a micromethod using capillary blood is preferable.
One tenth miffiliter of serum was used by Davidson et al. (2) in their modification of the Ernst and F#{246}rster (3) method and by With (4, 5) in his modification of the (alkaline) diazo blue method of Jendrassik and Gr#{244}f (7) . Hsia et at. (8) used 0.05 0.1 ml. of serum in a modification of the Malloy and Evelyn (9) method with the microcell attachment of the Evelyn colorimeter. Caraway and Fanger (10) have recently described a modification of the Malloy and Evelyn method using 0.02 ml. of serum in the Beckman DU spectrophotometer with the microadaptation of Lowry and Bessey (11) . The method to be described determines the serum bilirubin on 0.02 to 0.05 ml.
of serum using the Coleman Junior spectrophotometer.1 It is a modification of the (acid) diazo blue reaction used by Thannhauser and Anderson (12) with precipitation of the serum proteins (13, 14) . It has been used successfully in our hospital since 1953. is about 1.0 cm. and the average minimum volume is 1.5 ml. The cuvets should be checked to be sure that the bottom of the meniscus is above the beam of light.
METHOD
The technic for obtaining a blood specimen by heel or fingertip puncture and the subsequent manipulations are adequately described by Natelson (15) , Hsia et at. (8) , Caraway and Fanger (10) , and Kirk (16) . These references also give sources of supply for the special pipets, etc. Serum or plasma may be used in the procedure.
All chemicals are of analytical reagent grade.
Reagents
Hydrochloric acid, concentrated. Sulfanilic acid, 0.1% solution. Dissolve 1.0 Gm. of sulfanilic acid in 15 ml. of concentrated HC1 and dilute to 1 L. with distilled water. Sodium nitrite, 0.5% solution.
Dissolve 0.5 Gm. of sodium nitrite in distilled water and dilute to 100 ml. Keep in refrigerator.
Prepare fresh every 2 weeks.
Diazo reagent. Prepare fresh just prior to using by adding 0.3 ml. of the sodium nitrite solution to 10 ml. of the sulfanilic acid solution. Repeat readings several times. 6. Plot the observed values on semi-log graph paper (see Fig. 2 ). The concentration of the bilirubin per 100 ml. of serum is obtained from the formula m /100 ml = pg. optical density of the solution nor result in a shift from the 580 m absorption maximum. Figure 2 illustrates the calibration curve obtained using the Coleman Junior spectrophotometer with the 12 x 75 mm. round cuvets (1.5 ml. minimum volume) contrasted to that obtained with the microcell attachment of the Evelyn colorimeter (1. of data presented in Table 2 ; column E lists the results obtained by combining all the data in Table 2 (or columns C and D of Table 3 ). Fig. 3B, C, and D) . Each of these slopes was significantly different from the theoretical value of 1.0000, when tested by the I test. The slopes obtained by combining the two series of data (0.9311 and 1.0603), however, were not significantly different from the slopes obtained for either of the two series in Table 2 . This suggests that the diazo blue micromethod may be used with either serum obtained from a vein or serum obtained from a capillary (fingertip puncture) without markedly influencing the results.
The F test (as in column B, Table 3 ) was used to evaluate the variation among different serums, independent of the regression lines, for the Malloy and Evelyn macromethod and for the diazo blue micromethod. The data in column C were obtained before those in column D. The relatively large and significant mean squares in column C in contrast to the smaller values in column D could be explained on the basis of increased experience and familiarity in preparing the samples and performing the analyses.
DISCUSSION
In van den Bergh's adaptation of the Ehrlich diazo reaction, bilirubin is coupled with diazotized sulfanilic acid resulting in a mixture of bilirubin-azobenzene-sulfonic acid pigments. The mixture, conveniently but erroneously referred to as azobilirubin, has not been separated into its component parts (18) . Azobilirubin has indicator properties; it is red in neutral solutions and in acid solutions of pH 2.0 to 5.5 (18) with an absorption maximum at 530 mz (19) . Azobilirubin is blue in strongly acid solutions with a very strong absorption at 580 mj.; it is also blue ("green") in alkaline solutions but the alkaline form of cliazo blue is not very stable (20) . It is evident (Fig. 1) (9) were cognizant of the color's being sensitive to pH changes but felt that the presence of serum protein provided "a buffer substrate sufficient to stabilize the pH-sensitive color of the azobilirubin."
The diazo blue method is used without a serum blank; the turbidity due to lipids is removed by the precipitation of the proteins.
The microcell attachment of the Evelyn colorimeter was used by Hsia et al. (8) and Caraway and Fanger (10) have used the micro-adapter for the Beckman DU spectrophotometer. We feel that the Coleman is more widely distributed and is easier for the average analyst to use. An attempt was made to use the ilsia method with the Coleman spectrophotometer but the calibration curve was too flat (sensitivity represented by Curve b
in Fig. 1) . Utilization of the diazo blue reaction (Curve d of Fig. 1) shows an increased sensitivity when compared to the diazo red reaction used in the Malloy and Evelyn modifications. Figure 2 illustrates that the Evelyn microattachment (using a volume of 1.5 ml.) has a greater sensitivity with the diazo blue reaction than the Coleman Junior spectrophotometer (with the 12 x 75 mm. round cuvet). The Coleman 10 x 75 mm. round cuvets have an internal diameter of about 0.8 cm. and require an average minimum volume of 1.0 ml.; we found that the approximately 25 per cent longer light path of the 12 x 75 mm. cuvet (internal diameter about 1.0 cm. and average minimum volume of 1.5 ml.) gave increased sensitivity with better reproducibility, advantages that compensated for the necessary additional 0.5 ml. of solution. Diluting a specimen will alter its acidity unless a buffer solution is used for the dilution (14) ; thus the sensitivity of the reading will be decreased (e.g., from Curve b to Curve a in Fig. 1 ). Malloy and Evelyn (9) recommended diluting their final dilution if the bilirubin level exceeded 15 mg. per 100 ml. of plasma.
Gray and Whidbourne (21, 22) reported that the proportionality between the color density and the concentration of (red) azobilirubin did not hold at high concentrations. The calibration curves (Fig. 2) show a good proportionality for bilirubin levels up to 20 or 50 mg. per 100 ml. when 0.05 or 0.02 ml. of serum are used, respectively, with the diazo blue method. When alcohol is added to hasten the reaction of bilirubin with diazotized sulfanilic acid in the van den Bergh reaction, precipitation of the plasma proteins results with the possibility that some bilirubin or azobilirubin (especially the "direct" bilirubin (23)) may be lost in the protein precipitate.
Van den Bergh and Grotepass (24) tried to overcome this difficulty by precipitating the protein from an alkaline solution before adding the diazo reagent but did not have too much success. Thannhauser and Anderson (12) tried protein precipitation, after the diazo reacted, by adding alcohol and ammonium sulfate; some losses of bilirubin and are better for low concentrations of bilirubin but frequently result in impure colors (14) . Such methods, however, require anywhere from 6 to 24 hours for complete coupling of the "indirect" bilirubin in cases of hemolytic jaundice (18, 21) ; this has also been our experience.
Since our interest was in patients with erythroblastosis fetalis, our attention reverted to an "alcohol" method for total serum bilirubin.
We did not pay as much attention to the 1-minute prompt direct-reacting fraction which is not considered to be a separate type of bilirubin (22, 28, 30) . However, a procedure is described for the determination of the one-minute direct fraction using an additional 0.02 or 0.05 ml. of serum; the use of a separate sample avoids a change in acid strength by dilution with alcohol. We found clearer filtrates (supernatants) when the ethanol was added down the sides of the flask (step A-6 of PROCEDURE) in contrast to methanol; ethanol is a better protein precipitant.
Cloudiness will be avoided if the absolute ethyl alcohol is protected so that it is not diluted with moisture from the atmosphere. in the presence of a "direct" reaction, before adding the concentrated HC1 and saturated ammonium sulfate; if the described procedure is followed, any loss of bilirubin will be minimal and not interfere with the use of this method.
The ultramicro diazo blue method for total serum bilirubin is extremely useful in following the progress of patients with erythroblastosis fetalis. The method is relatively simple and has been used by our hospital technicians without any difficulty.
SUMMARY AND CONCLUSIONS

An ultramicromethod
is presented for the determination of serum bilirubin by the (acid) diazo blue reaction, using heel puncture or fingertip blood. Diazotization is accomplished in a strongly acid medium with the resulting blue azobilirubin having a maximum absorption at 580 mgi. The method is extremely reproducible and sensitive, being carried out in final serum dilutions of 1:100 to 1:40. The method is described for use with the Coleman Junior spectrophotometer and can be adapted to other instruments.
The diazo blue micromethod compares very favorably with the Malloy and Evelyn method which was done in parallel. The results of this study also suggest that the diazo blue micromethod can be used on venous serum or serum obtained from fingertip puncture without having markedly altered results.
(H. F. W.) p755 W. 15 St., Chicago 8, Iii. 
